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Mr. BADESLA DES REASONS, &c. 
thereon. 


Humbly preſented to the PUBLIC k. 


EIN May, 1735, I view'd the Works carryi 

_— Cheſter, 2 of 
vigation of the River Dee, from that antient 
nourable to the Sea. And was very much ſur- 
priz d to find them fo far from being calculated to im- 
prove; that they ſeem'd in my humble Opinion plainly 
to tend to deſtroy the Navigation, and to cut off all Communication 
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to and with the Sea from Cheſter, if the Works ſaid to be propos d 
I told ſome Gentlemen my Opinion of the Works then made, and 
alſo of what 1 could learn was defign'd to be done, which I after- 
wards deliver'd in Writing to the following Eſſect, viz. that the neu 
Canal was cut through much too high a Soil; that it was made very 
im as to its Capacity; that the Laws of Motion and Percuſſion 
be very irregular and . 
receiving and conveying 


if not impoſſible to gain any Way or Paſlage 
not be filted and choak'd up at the Mouth of it againſt 
that could be gained from the back Waters. In ſhort, 
ing ſeems to be carried on, not only againſt Sir Iſaac Newton's 
againſt all the common and receiv'd Rules 

Mathematicks, as well 


impartial Inquirer after Truth, will allow that the very 

making Rivers Navigable, of reſtoring a loft, or im- 

or indifferent Navigation, and of draining Lands, de- 
ral Philoſoph 


— and Skill. 
I owe to every Man, requires, that I 
Badeſlade, which his Merit deſerves. I 


e Subject of Navigation and Draining, which I freely confeſs are in 
my > Apprehenfion the beſt yet extant. But with the greateſt 
De- 


and 
the Levels, in order, as well to drain, as to make * im- 
go he (which was very bad and almoſt loſt) of the 
River Welland. By the orders of the Adventurers in Deepimg-Fenn 
I drew a Map of that River in 1734, of about twenty two Miles in 
Length, and took the Levels thereof in upwards of two thouſand five 
hundred different Places or Stations, to a little below Foſ&yke-Waſh- 
Houſe, and from thence I went in Boats down to the Scalp. 
Mr. Badeflade in his Reaſons, &c. lately printed at Cheſter, p. 5. 
ſays, © Water requires at leaſt fix Inches in one Miles Deſcent to 
4 flow or move at all. And in page 9, he ſays, that about the Year 
<«< 1730, Capt. Perry undenook to drain tbat Country, by _— 
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« ſt down croſs the River above Spalding, to hold up between the 
« Banks of the River the Waters to a conſiderable Height, 
« and to take in and hold up high Spring Tides, (for ordinary I :des 
cou d not reach him) and to let the Sour off, when the Tide was 
« £64 out of the River. The Proprietors had great Expetiations, 
« but when the Scour was let off, it only pool d a Depth near the 
« J/aice, and threw up a Barr of Sand a little heyond; and though 
« the Captain usd Porcupines and other Devices to move the Sand, 
« yet it ſubſided again at a ſma Diſtance, and cou'd not be driven 
« out to See by the Force of his Scowr, the River is narrow, 
« and but ſeven Miles long fro: the nice to the Sea. 

I have drawn up at the Enc of theſe Remarks two Propoſitions, 
one to prove that Water will move a River or Canal that hath 
but four Inches Fall in each Mile, and the other to prove no Level 
can be taken betwixt two diſtant Places in any Channel by the diſſe- 
rent Height of the fame Tide at thoſe two Places; to which i beg 
leave to refer my Reader. 

IN the Year 1734, and in Hril 17:5, I found the following 
Facts upon the River elland, and the Channel a little below the 
Waſh-Houſe aſoreſaid. From Capt. Perry s Sivice thither, is up- 
wards of nine Miles and a half, and the Floor of that Slnice was 2 
by twenty-two Inches than the Bottom of the Channel there, from 
an Horizontal Plain. Where the Inclination of the Bottom of the 
River three Miles below, that Sluice vas but two Inches and a half, 
I there found, when the Doors of the Sluice were drawn up, and 
Cocebit-Iñ aſb pretty full, (above the Sli ice) the Velocity of the 
Stream to be 140 Feet in one Minute. I found no Barr of Sand 
nearer than upwards of three Miles below this Sluice, nor any 
of Water pool'd near the faid Sluice, or than the Floor or 
Bottom of it, where it was dug out v ith Spades by Capt. Perrys 
Orders. An ordinary Spring-Tide Mr. Bad. ſlade admits does not reach 
the Sluice; yet the Navigaticn was worſe before it was ſet down, 
than it has been fince. The Sluice therefore ſeems for the above Rea- 
ſons to have been in ſen e Degree uſeful and of Advantage. 

IF as Mr. Bad ſſude has icmark d, there is ſixty Foot Fall from 
Cheſier to the Sea, and if there is not two Foot Fall from Capt. 
Perry's Sluice to the Channel aforeſaid, then by conſidering the Na- 


ture of Bodies rolling along different inclin'd Plains; we may con- 
clade, that in this Circumftance, the parallel Caſe between Cheſter 
and 
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Spalding is as 60 to 2, then there is the ſame Difference between the 
ſame Scheme, if ſuppos d to be executed at both Places. 

THE fame Reaſoning I apprehend will hold gocd in any other 
Place, making Allowance for the Length and Inclination of their diſ- 
ferent Plains to Sea, and the different Inclinations of the Lands on 


each fide the Bay. 

Mr. Badeſlade ſays in 6. That after Sa/tney-Mearſh is em- 
bank d, and the white are gain'd from the Sea, nct only the 
Navigation will be loſt, but alſo the Low- Lands above Cheſter, ad- 
Jacent to the River Dee And again in page 8.——Therefore when 
the Salt-Marſhes and white Sands * longing to Cheſter River are em- 
bank d, of neceſſity Fy/e- Lake anc the Barr muſt grow up and the 
Navigation be deſtroy d for want C a ſufficient F/ow and Neo of 


the Tiae- Mater to keep em open, in like Manner, as did the Out fall 


Rye. | 
* rightly a this Gentleman s meaning, there's a Poſſi- 
bility, as I have ſaid above, that the Initances we apprehend to be 
Parallel, may not be ſo in Fact, and that Circumſt ances may make a 
wide Difference. At preſent I am of Opinion (which I can't rectify 
without Surveying and Levelling the whole) that all the Lands and 
Sands above Wepprew-Gutiter may be made good Lands without any 
Prejudice to the Navigation, or to the draining the adjacent Lands. 
And that the imbanking Sa/t-Marſbes in ſome Degree, is ſo far from 
being prejudicial, that it is of the higheſt Advantage to both, and 
quite agreeable to all receiv'd Principles in H7rdro/taticks and Mecha- 
nicks, as well as to the conſtant Laws of Motion: for where the In- 
clination of the Plain is the ſame, it will ſurely be allox'd, that a large 
and deep Channel, whoſe Capacity is found by Calculation to be juſtly 

portion d, and fit to receive all ſuch Waters as muſt Flow and Re- 
nee Minot to methove ans jon, than 
the large diſproportion d and widely extended ſhallow Channel. 

I appeal to the moſt Judicious of thoſe, who have been, or are the 
beſt with the Cheſter Channel, whether if ſuch a Channel 
might (by any Art) be gain'd, as wou'd be found ſufficient to receive all 
the Waters that muſt Flow and Reflow thro' it in a common Spring- 
Tide, where there is the greateſt Fall, as far as Burton - Head; and if 
the Canſeway at Ch. ter-Bridge was taken away, in order to give the 
"Tides the greater Liberty to flow up the River, their Navigation might 
not be improy'd thereby to the greateſt Perfection it is now capable of. 

B THEN 
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THEN conſequently if fo, the remaining Sands as far as Burton- 
Head above the Capacity of fark a Chanael, — 442 in, and 
made Land, without any Prejudice to the Navigation. 

N 2 « That no Man's fingle Judg- 
ment ought to be taken, and no Scheme of this publick Nature 
ht to be executed without the general Approbation of the beſt 
ges. And I crave leave to add, a proper Scheme ſhall be pro- 
duced, whenever the Publick ſhall require it of their 


Moſt Humble and moſt Obedient Servant, 
JOHN GRUNDY. 
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PROPOSITION I. (Fig 1) 


Suppoſe ABCDEFG, to be a Reſervoir of Water, and that from the 
faid Reſervoir there be made the Canal MN RW, whoſe Inclination 
with regard to the Horizontal Line 4 & is four Inches Fall in each Mile, 
and that the Length of the faid Canal to its Outfall at NW, is fix Miles. 
Let us ſuppoſe B D F G to be a Sluice,and another to be plac'd at NW; 
now, if we ſuppoſe the ſaid Reſeryoir full of Water up to the Surface 
ABCD, and likewiſe the Canal up to the Surface QMM; Quere, If the 
Sluice BDFG, and that at NW be both drawn up above their reſpec- 
tive Surfaces of Water, will the ſaid Water have any Motion at all a- 
long the faid Canal? 

THIS Propofition needs no Demonſtration, becauſe from Expe- 
rience it is now become a receiv'd Truth moſt modern En- 
gineers, that Water will run any River, whoſe Inclination is 
not above four Inches, or four Inches and a half Fall in one Mile: 
but to prove from ſelf-evident Truths it muſt be ſo, it may not be 
amiſs to give the following Demonſtration. 

WHILST the Water in the ſaid Reſervoir and Canal are in a ſtate 
of Reſt, itis ſelf-evident from the Laws of Gravity, that their Surfaces 
muſt be plain and parallel to the Horizon, or rather a Segment of a 
Sphere concentrical with the Earth. For as the Particles of Water are 


ſuppos d to yi they will be mov'd by the 


yield to any Force impreſs'd, 
Action of Gravity, till ſuch time as none of them can deſcend any 
lower. When this Situation is once attain'd, the Fluid muſt remain at 


reſt, (unleſs put in Motion by ſome foreign Cauſe,) becauſe none of 
the Particles can now moye without aſcending, contrary to their na- 


Fe- 


tural Tendency. 


( 


Secondly, Whilſt the Particle 
Laws of Hydroftaticks, it muſt 


ually on all Sides 
: for if it was not fo, it muſt 
it is equally preſs'd every 
d on all Sides, (as it muſt bc 
of Nature, that it muſt 
have a Re- action ſo great, as to equally preſs whatever is contiguous 
to it, in all manner of Directions. Then conſequently the 
Force by which any Particle of Water, that is at reſt, preſſeth againſt 
like Particle that is contiguous to it, muſt be to the 
Weight of the incumbent Column of Water above it: therefore the 
Preſſure it muſt ſuſtain in itſelf from any other part, or according 
to any other DireQion, muſt likewiſe be equal to the Weight of 
the ſame incumbent Column; and ſince Action and Re-action are 
equal, we may from thence conclude, that the Particle i muſt preſs 
in all manner of Directions with the fame Force that is equivalent 
to the Weights of its incumbent Column 14. 

N OW if the Sluice at NW, and BD FG be both drawn up, it is 
plain by Conſtruction, as well as the aforeſaid Laws of Gravity, that 
the particle i will deſcend to &; and there its Preſſure to move for- 
wards will be in proportion greater than when at 5, as b& is 
than 21. By the fame way of r 


reaſoning the Particle at S, will de- 
ſcend into its Outfall, and make way for the Particles 3, p, u, m, /, 
to follow it ; and then the conſequence muſt be, that the whole Co- 
lamn of Water in the Canal muſt be put in motion, and continue to 
move, (if there be but the leaſt Deſcent imaginable) ſo long as there 
is Water to ſupply it from the faid Reſervoir at the Head. Which 
may be further prov'd from mechanical Principles. Thus ; the Par- 
ticle at & being in motion, „ e ond wil 
be fo much greater at /, as a Body in falling from c to / would be ac- 
celerated more than it would be in falling from 6 to E; by the ſame 
Laws it muſt move to m, u, p. q, S, and ſo into its Outfall. It is 
farther evident from Hydroftatical Principles, that the Velocity of 
the Water in the ſaid Canal, will be greater, or ſmaller; and that 
in proportion to the different Heights of the Water in the ſaid Reſer- 
voir and Canal. Again, if we fu the River or Drain V, to ſup- 
ply the faid Reſervoir with Water from ſome greater Inclination, 
than that of the ſaid Canal, which is generally the Cafe, where Wa- 
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ters are convey'd by Rivers or Drains through flat and fenny Coun- 
tries to their Outfalls, The Water in the Canal M NR W will have 
its Velocity (in proportion to the Inclination of the River V) inereas d. 
tho the ſaid Canal hath no greater Inclination than four Inches in 


cach Mile. 
PROPOSITION IL 


TO prove that the Difference betwixt the riſing of the ſame Tide 
at any two different parts as H and F, in any open Bay, or 
Channel, cannot give the juſt Inclination of the Plain betwixt 
thoſe two Places. 


PREPARATION. (Se Fx. II) 


LET ADHF repreſent a Section of any Channel where the Tides 
put in, (as ſuppoſe the Channel between Cheſter and Wild Road.) 
Let AD G E repreſent the Surface, and av, 1, p, q, W, V. X, T, O, 
the Low-Water Marks ; let ws repreſent Chefter-Bridge, and o Wild- 
Road; AC is the Horizontal Line, drawn from the Surface of High- 
Water at Cheſter-Bridge, HF repreſents the Bottom of the 
and AB the juſt Inclination up the Channel the Tide muſt have, be- 
fore it can move to A. 


DEMONSTRATION. 


muſt vary from that, in proportion as its Velocity is ſwiſter or flower, 
Or as its Preſſure is increas'd or diminiſh'd. 
WE may further learn from the Nature of the Tides, that at their 
putting into any Channel, the Water is raisd above its ordinary 
Level, by being made conſiderably lighter in its ſpecific Gravity, by 
the joint Attraction of the Moon and Sun (in Spring-Tides;) there- 
fore the Conſequence muſt be, that the Water will be raisd to B, be- 
fore it can move forwards, up the River to A: For it is plain from 
the Laws of Motion, (in fluid as well as folid Bodies) that the Water 
at the putting in of the Tides, muſt riſe fo high, as to make its In- 
clination up the Channel in the Direction of BA, before it can over- 
come the Re action of the Water in the Channel in its natural Courſe, 
to cauſe it to moye up along with it towards its Head. 


FROM 


Fig. 1. 


A 


, — 


——— 
= WY ,, 


2 F \ 1. 1 1 45 
/ Wo; 
—— 
| ä * 
q 
* - =” A SSL 4-444 005 0550850055 ©6564 DS __ " 
- 


Hig. 2 


g— 


( 14) 

FROM what hath been ſaid it appears very plain, that the Wa- 
ter muſt riſe above the Horizontal AC to B, before it can make its 
Perambulation up the Channel to A ; fo that its whole Riſe during 
ſuch a Tide, muſt be from O to B, from T to G, from X to F, from 
V toe, Cc. and not from O to c, from T to y, from X to x, from 
v to w, &c. as by ſome hath been imagin d. 
THEREFPRE all thoſe that take it for granted, that the Diſſe- 
rence of the Riſe of the ſame Tide at any two ſeparate Places of a Chan- 
nel, gives the juſt Inclination of the Plain between theſe two obſerv'd 
Points, muſt vary ſo much from the juſt Inclination of the faid Plain 
as the Line OB is greater ſequently, if the tak- 


than OC ; then con 
ing of the Levels are grounded upon falſe Principles, the reft of the 
Proceedings mult be ſo too, and cannot ſucceed in practice but by meer 
Accident. 
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For Printing by Suss I TION, 


A New Method, grounded Philoſophical Experiments, and 
Mathematical Calculations for — fort of Low- Lands; 
the making, reſtoring, and improuvmg Navigation in Inland 
Rivers, as well as ſuch Channels, that are in Bays or 
Harbours, where Tides put in: Except in ſuch Caſes, where 
it is impoſſible to compleat the ſame. | 

By FOHN GRUNDY, 


Of Congeſtone, in the County of Leiceſter, Land-Surveyor 
and Teacher of the Mathematics. 


This Treatiſe is divided into the following Parts. 


I Y way of Introduction is collected all ſuch Schemes that fell 
into my Hands, . propos'd by different Perſons, with Philoſo- 

phical and Mathematical Remarks upon cach Scheme. 
II. 
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II. A new Method (practis d by myſelf) of drawing of Maps, and 
taking the Levels of open Bays, Rivers, Drains, and ſuch low Lands 
as want draining ; which ſaid Method is there prov'd by Experiments, 
and Mathematical Demonſtrations, to be the very Foundation of drain- 
ing all low Lands, and making Rivers navigable. 

III. The Phænomena of the Tides, from the Laws of Motion, how 
they act upon open Bays and Rivers, as well as different Seas. 

IV. All ſuch Mechanical and H ical Propoſitions, that are 
neceſſary to be known in draining, and making Rivers navigable. 

V. From Philoſophical Experiments, and Mathematical Calcula- 
tions, Propoſitions are raisd, and Theorems drawn, how Canals, 
Drains, and new Cuts ought to be made, or old ones repair d, to 
convey ſuch Waters as muſt flow thro' them in a given time ; how 
Banks ought to be made or repair d of any Manner of Strata of Earth, 
from the ſtrongeſt Water-Clay to the lighteſt Sand, fo as to reſiſt any 
given Preſſure; and how to find out the Preſſure any Bank muſt ſuſtain, 
whereſoever plac'd ; how Sluices and Tunnels ought to be plac'd, and 
to find their juſt Capacities to diſcharge any given Quantity of Wa- 
ter in any given time; in what degree Salt - Marſhes ought to be 
bank'd in, in any open Bay, to improve their Navigation, inſtead of 
being a prejudice to it; how Reſervoirs or artificial Scowers ought to 
be made, and plac'd to act with the greateſt Force for to ſcower away 
the Sands in any open Bay ; how Locks to be plac'd upon 
navigable Rivers, with proper Directions for making Inland (as well 
as ſuch Rivers or Channels that are ated upon by Tides coming up 
them) navigable; and likewiſe the beſt Methods for reſtoring loſt 
Navigation. 

VI. A Propoſition to ſhew in what Direction petit Drains ought to 
empty themſelves into the Rivers or main Drains, for the better 
drain ing ſuch Lands whoſe Waters they diſcharge. 

VII. The beft manner of draining or Moraſſes in Inland 
Countries, either by open or cover'd Trenches fill'd with Older- 
Faggots, with ſome new Improvements in the binding and laying 
in of !uch Faggots, fo as to convey ſuch Waters they are to dilcharge 
into their main Drains in the leaſt time; and how to ſind the greateſt 
Falls where ſuch Trenches or Drains ought to be cut thro', to drain 
in the beſt Manner. 

VIII. Draughts and Explanations of all ſuch Engines as are of the 
moſt u!z in the executing of ſuch Works, with ſeveral Improyements 
of my own. * 
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IX. The foregoing Propoſitions applied to 
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